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: DEVICE FOI- GAUGING RÉCESS«DIMETËRS 
,cg0, Ï1L; Sgid Wbiht assignor to s HC¿y 
;Apçliëti0nFbury 27, 48,: Si.M 
.10 Cli. (CI.) 
ï Thls' iventi6n, rëtates : fo - 'gauge device ,more -andsuccessiel?submitted/.to :the gàuge,,hich 
Darticularlyfordetërmi.nîng%he depth ordiame- .ilLÆ-UoEeate;en,a:oEal:re.adable:at::a«gtace.,te 
tr::or:both 0f enter recesses in machine-tned -damèerof'.the:.«center,reëessçat.the:nd:surface 
-ticles -such :as '0f. eylindrical :sha i.n..the -efthe:aeles,.te.;measuremen. dirëctl:kn 
»roduction ofhich:e articleqs held bya center . 5 --b:çhe gage,ïnthe:-present  fltustieembe:- 
:teach:end while eingmaCned b the usual .ment of the invenin,.:.beig.-the:epth 
-tol for that çp0se. recess :and.-means :being. proided 
" Scethe article:islocated.onthe: centers by :g this:measureent uf:depthd.nto/masg- 
:méas :of:.the:cêntêr reéesês af ech:endof:the :meut of::dia.meer,:mens beug still.:,further;pro.- 
::ai'icle, tese .recèsses being .conodal .fo cor- I0 -ieoE-fGr,tlie: reapg:f:the/:measuement--of-di- 
-reSpnd With .the con0idal:p0ints :of the  Center 'ameter: dictlyin ?-thosadthsoç:n.ich..:,:.: 
elen,. great accufaey : is : uecess in.: the ..... ::.Agin ç gener.ally, :.the : evice.: may ;¢.:,U!:ly 
forming of the center recesses to-pit accurate -emploe,toread.thediametrs.of,eg, ùlu,sh 
maehing for high precision .w6rk ...... openg:.of various kids,by-mea-of.a eene- 
:The intion :pfovidès..a ;gáUge demice. for 15:point-gauge in .............  , 
-:measurmg the.diameçers of fires ith reference .... ese, and: other;, obec/s «a.ahës 
-ç0=Which the diameter:to e méased is.the base  be:paent frmthefot!0wing.d¢.Se!ho:tken 
-.of :an is0celes. £tiâagle, the-. devide including a :::t0geter=wth :the-accompaning drais? 
:=gae::pin:adated, travel':a distance equal to ilusr.aiveïemb.ment 
.:a:élemen:of .heriangle,,and means for:trac- 20 Wh-ichdrawings ......... : ........ 
Iating-the'distance.of.movemetof thë gauge pin ... Fre :l:s:a:Fecl:sectioa! Yew, Flyin 
/in-measemènt on aninttent f the, said elevatin,ofa/gauge:dee:.¢mbodyigçthe 
:diaméter,-saidmes.includg, me'chanism:hav- -enç{en;: shP.ng  =full lines -one. positi 
-ing :c0related/par retated in::a :ratio red'e- .he»parts and}n:br0ken:hn¢s 
:.tmined by-.a'trigdnometric functin:of:anangle 25.  gure 9.i.s a:plan v« çfh e stuctureofçg..1 , 
dfthe/tsoscèles triangle .... partia!ly-in setton-for-ctearness-of.description; 
responngly the center dëfessions ually. de- -tii -$3-f-Fig. ?2:upper «artsbeing:etted. 
e-cones of 60. degrees .taper...:It.is -also.;well ,Fgure ,4-.as-a fragmenrY frnt 
.o that :-a.?plane perndfCar'-to te is of. 30 :.òn-similar 4o g.= t:.but-.showing the -zero posi- 
::sùch a one "defihes :-aIong tHe:plae-'of the aXiS, :tiën: of, the ,Parts :and dït-hds; 
nisocetes:triangle qn- crossïsetion, :and in:he . g;e 5-is a grëatty etaeseiëh£ï 
cse0ça 60 eone'.an«equilatera iangleïthe:Hne -Of the gUgeçN.n :fiOSë an-à:.êCd t0":bë.:mC- 
çDeï'pêndigular to the axis rêDresenting .an ïe- . req,_(an :itëh:ve rec:bëing 
ment: of:-.te triangle sUch a the-base'of he, tri-. 35  dot 4i,nes; . . 
 ane .and :te :Xis rerëgening -an -Iëment- 6f , .g£eS :-and , are $i.i£m 
.::e:triangle:such-gs e AltitUde:of :the: triangle, function sf he gauge ..iêAn 
::is:also, v/eH:kown::NythelawS .of :trigonemey di.ameters, of.the cocdl/ëes .6g.g./h; 
' ha:heqenth.6f'the aiîtude of an:isosceles':tri- " :iue(8-hbWs:he 
:=ï bears:afixed.reltion-.t0 ,te length'.0L£he .40 ure.çïfirë:d0fintëbère; ................ 
:.baSe; orin othér:words  'a'constant, for:a:given ._ gure 9 Sb« .meshèh :-8f 
included angle at the apex .... -bore; 
. 'Starting this:,another way., th tgngent'0f a 
 -574 :.0me'quentlyby euring the dePh 45 ' 
":0fa.60¢enerrecess..(or altitùde of the triangle) -48?=cocal taper ......  
ç:ad' .ultiplying: this: by tvIce :5774, the diameter : Refëmg in::ëai t0 të,iiUie 
of .the recess .(or base 0f ,the :tr.angle).at)the 
«ïnÇ of he en urfage of «the article, may. be .¢atesaaesr-the/dëiC¢..iCh 
.round.  50-0lm e :f0r-m .of- bil0.: hd:  êï:çS - 
.,ong-0th¢r 0bj-eçts :/he .present invention 
a-ima.to proviae ,a-comct,.inexpensive, and: ac- .-ïVCpaAs .0f,:6çgaagë i.ee,hë :uppe 
--cUrate gauge- device -.of this .type :which eau. ,be 0f'%hè »ásë ïl aoing{a liim t, a e 
:d op.:&,ble-f0p-0r-thê-lke and-vo-whieh=fhe .Ï0@drëge Lhe,:aSêC6ïfufC ï,3 
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hollow base bas interior bosses 14 inwardly and 
oppositely directed and providing bearings for a 
lever 15 of the third class in the sense that both 
arms of this lever extend in the saine direction 
rom the pivot or fulcrum and the effort is be- 
tween the fulcrum and the resistance as will be 
later explained. The lever 15 is conveniently in 
the form of a platen and bas a fulcrtun pivot in 
the ferre of a pair of trunnions i 8 having oppo- 
sitely facing conical cavities 17 therein which 
receive the conical journal ends 18 of pivot pintles 
19 which are in the ferre of headless screws 
threaded into tapped bores 2{} in the bosses 14. 
The bores 2{} are shown open at the exterior of 
base l se that another headless Set-serew 19a 
may be threaded into each bore and a screw- 
driver or other tool may be inserted in a kerf 2  in 
the outer end of the set-screws  9 te fix the po- 
sitions of the pintles for proper but free pivoting 
of the lever thereon. 
Further in accordance with the present inven- 
tion, the lever arms on the saine side of the ful- 
crum already referred te are represented by re- 
spective sides of the lever platen, these sides be- 
ing numbered 22 and 23 and terminating respec- 
tively ai different distances frein the fulcrtun. 
Adjacent their ends the arms bave palms 24 and 
25 frein which fise land pads or buttons 28 and 
27 in each case. The distance frein the center 
of the land button 28 te the pivot 17 (which dis- 
tance represents the Iength of the lever arm 22) 
is less than the distance frein the center of the 
land button 27 te the lever pivot 17 (which dis- 
tance represents the length o,f the lever arm 23). 
till further in accordance with the present 
invention, in contact with the land buttons 28 
and 27 respectively are vertically reciprocable 
pins 28 and 29, which are arranged te follow the 
lever in ifs movement. For this purpose the 
gauge pin 28 is ïreely slidable in a smooth verti- 
cal bore 3{} in the bushing 31 carried by the top 
wall of the casing Il, the bushing having en- 
largement $ which laps and proects above the 
casing ptatform 12 and providing a rostrum 
surface 33. The upper end of the gauge pin 28 
is conoidal as at its nose $4 on a 60 degree taper 
in the present instance. At its lower end the 
gauge pin 28 is also conoidal as af 35 and tests 
on the button 28. Thus i*ï the gauge pin 28 is 
pressed downwardly the lever I S will be swung 
downwardly on ifs pivot ïulcrum 7, the lower 
end of the gauge pin sliding on the button 28 
during such movement te compensate for the 
arcuate movement of the lever; that is, the ver- 
tical axis of the gauge pin will be displaced rela- 
tively toward the outer end of the arm 2 as the 
lever moves downwardly. 
Accompanying this downward swinging more- 
ment of lever I S under the influence of downward 
movement of gauge pin 28 is a consequent down- 
ward movement of the indicator pin 29 that in 
turn has.a conoidal lower end 35 in contact with  
the land buton 7 of the arm 23. tIere again, 
- as he button 27 moves arcuately in the arcuate 
movement of the arm 23, the pointed lower end 
35 of the indicator pin 29 is displaced relatively 
outwardly of the button , sliding on the surface 
of the button. In its downward movement the 
indicator pin 29 moves freely in the smooth bore 
37 o a bushing 8 carried by the upper wall of the 
casing Il. In the reverse or upward movement 
of the lever 15, the pointed lower ends of tte pins 
8 and 9 slide on the land buttons being dis- 
placed relatively inwardly of the lever arms in 
the arcuate movement of-the latter. In all of 

4 
these movements, the arms 22 and 2S being rigid 
with the lever platen, move together. The re 
duced or conical lower ends of the gauge and in- 
dicator pins minimize friction between them and 
5 the land buttons. 
The lever l and with it the gauge pin 28 and 
indicator pin 29 are urged upwardly by a helical 
compression spdng 3 carried on a spz'ing bolt 4 
depending within the casing and screw-threaded 
10 into a tapped boss  on the Undm'face of the 
platform 12 as a't 2. At its Iower end the spring 
bolt bas a head 3 against which the spring 3 
abuts at its lower end, the uppe end of the 
spring entering a countezbore  in the perfora 
15 tion 48 in the platen of the lever 18 through 
which the spring bolt loosely passes, with suffi- 
 cient clearance te prevënt interference with the 
lever. 
The spring 39 is placed under compression by 
e.0 downward movement of the lever   and selective 
adjustment of such compression is ,provided by an 
adjusting screw 8 having a knurled knob 7 and 
which is screw-threaded into a tapped passage- 
way 48 in the platform 2, ahe lower end of the 
e.5 adjusting screw 48 abutting a button 49 on the 
lever I . In practice, the adjusking screw 48 may 
be screwed downwardly until the lever  is ap- 
proximately horizontal, as shown in. Fig. 3 and in 
fult lines in Fig. 1. The knurled head 47 affords a 
30 grip for the thumb and forefinger of the user for 
making this initial adjustment as well .as subse- 
quent adjustments which may be desirable as 
pointed out later. 
Te permit the reading of the movements of the 
35 indicatif pin 29, the latter is pressed upon by the 
plunger 9 of a standard gauge dial instrument 
indicated generally by the humerai . The 
plunger {} slides in a sleeve 2 carried by the in- 
strument casing $, through which the plunger 
40 projects above as at 84, the plunger sliding 
through the casing. The gauge instrument 51 
contains the usual internal mechanism for such 
devices, which ferre no par of the present inven- 
tion and need net be here described, it being un- 
45 derstood that such mechanism includes spring 
means for urging the plunger 9 outwardly, or in 
OEhis case downwardly at all rimes aginst the in- 
- dicaov pin 29 as t 5. 
The gauge instrument $ l is shewn mounted on 
0 a post8 upstanding frein-the platform 12 and 
pon which is vertically slidable a link  having 
.bifurcate jaws 55 through which pass a clamping 
screw 89 te fix the position of the link 7 verti- 
cally on the post 8. At its other end, the link 7 
 .is again bifurcate in a .transverse direction by 
.having the jaws 8{} which grip the instrument leg 
61 extending rigidly frein the back face of the 
gauge instrument casing $, a clamping screw 8 
again serving te fix the position of the leg 81 
60 .relatively te the link .7. This link and clamp 
.provides a universal joint mounting adjustment 
.for the instrument  l. 
The dial instrument 61 is arranged te read in 
.thousandths of an inch and for this purpose has a 
6 .thousandth hand 83 and a smaller hand 8, each 
arranged to swing .about pivot points 88 and 88 
.respectively comprising the usual pointer hand 
spindles geared for rotation in response te recip- 
rocation of the dial plunger {}. The hand 8 
0 swings about the Iarger dial face figtu'es 87 read- 
ing frein zero and around the circle back thereto, 
one complete revolution of the hand 83 around 
this scale measuring a distance of .100 inch, the 
dial being scaled in increments of .010 inch. The 
 smaller hand 8 is adapted te cooperate with the 



 galfg4: d:vice is set by" deprssingthe' gà-uge pifi28 
-'.Otil the apëx "(produced) of the c0noîdal upper 
' fid34-Of"thegauge'pin 28"isflUsh h, i:'e:'jUst 
ïn 2he plane of therosr 
"dOooEff 4 2s fo:ed se hat"eçëry cross-seetional 
" geheeof is 0f a-knodimer. Sincè 2t' is 
:'nb:paëtiCaI-by-reasonof Wear, e, t mke so 
' hrp"a pbint on :th gau:e- pin aswod b eneces - 
"sarin:ringing '' if to" a::'exact c-one' p0int/-the 
point is convenientiy"*slightlytruncte 
"o" do:mpeate for this 'truncation; 'thegae set 
"block' ]l 'has  small cylindricaI-bss: onïts 
-.augf :ce '  2 a,thë vertical' heigh' of this boss' 
'eing eXgctly %h6 tà:ce' by W:ch:thë gauepin 
"Uppe end ïS trC:ted. : Thus, when :'the' g:uge 
-et"'block   I las 'shown  grammticlly ïn 
':ddttC qiesin Fig. 1) is- pressed"6own tiret- onto 
-%h"guge " pin2'and thenOtO 
'- it- he boss:  2 of the" 510ck i: :thG Borê " . for 
" the 'ùge "pin 25 the ltter is depréssedCgtly 
"t0the"positon whichï Wuld cdupy:ifit.hà kn 
ëXàctly shgrp xtremity .äd this rmit2:Wêre 
brought into exRctly:-flhelatioship ïit'the 
":i«dstf säce"3. Th-ha beeff aone as 
" sHinîFig: 4; thedial'nus bis 
--:theero 0f the:àrgë'diaI sale int égister';with 
: .th: "large hand $3;@hëevr %he lgtte2 mag be. 
At ts ime also the itrumeht-is :àafigé so 
'%hat"thesmallhan  is îmilárly k zero bn-its 
- cale;"as :how if g: 4: . :t will bf: C0rse be 
-:ëSb0d .that 'àfiy dèrdsion of the ge 
28.i s àdbed by deprSsi0n oi the ifidicar. 
- pin  9,:.SîfiCe hey krë boh afloEtained floE contact 
i.t. th ]ever I,thesp2ing ged plunger 
/." fbll0wng:the i:dica pin 2 and the dial regis- 
Çri the movement of the indicator ,pin. 
"e-'zero position 0f the lever 15, wch carries 
"bot the gauge pin and indicar pin, is shown 
hll lines in g. 4 and is àlso indicated by the 
"brU[en  line at   Fig. 1. In the latter figure 
"àlSo. the ïtiaI pbsition of the gauge set block 
: i.is.i:ted i: broken lines when it is tempo- 
'rai'ily:pressC uPbn the gauge pi 25 to .depress 
' thd;later o the positi0 shown in Fig. 4 to the 
Zero. p«sition änd held there while the al in- 
ï strmen anUlU-gbis et to registe zero with 
":th dial hands.. When"this has been done; the 
 :guge: set block  I is now' removed and the lever. 
:- : is all0wed to s (from itszero position 3, 
' Fig:- 1)-  under the -influence of the  compression 
' gpih:9 to the-limit (asai  g. 1) of its up- 
ward mvement përmitted in this instance by the 
'adjtig..SreW . - ëlatter, :as- here:shown/ 

: 2' a-i 1 a i::  %ne ratio- bf- L %o::2:time:::angent 
: 0  ,(br.-na]f::the.:60;:degre:inlue./angle 
- of,th.reCess)..  U0nsequetlyuif«£he:,mom'ent 
25 of the gauge pin 2 is .164 
: of::the::iditor :pin;..29:is:: .l:90.:.ich, nee  the 
-. !te.;uals.: 2-Xtn: 0  
:e= foregoing follows: sce :(loeMng;saF-::at 
: how:. i fhll lines :ï-Fig.. l. 
: agles .i.efiéd by clOsed:line«:Ctendmw :¢m 
/the :gauge:.pin:. $, «f:m: :the: £o:.:he:çeleed 
:pOSiti0n"Of:the .': lOwer: end bf:tha::gagepi: 
:oEs:.descrïed:y a clsed li:ne :: the OEulcr:m 
..40)to: the depèssed or zer« position of..:the: 1OWer 
:end of the indicator pin 29, from there-to.:the 
elevated, position of .the -lower. end. of::thë::îndi - 
. '.C:of pi':2 9 ,: and:back :: :he: 
be hndestaod :tha: Ithogh:the :le,er Tm ielf 
, cr, the g:u2-e-p:nvand:::ctor .pi :ends:ide 
on the..lnd bUtto 2 --and 2 respectiYely,::.'and 
-:these lweê:dS..theroe:Or 
 :-Cl' liesoin:thëi:moçem-ets :e«he, 
 a:vespëetively. :- si.cë .tesë. two.:.trilë:.ust 
 5O: defined bave the same angle af the fa]C::and 
.since-the gauge, pfl:-and i:dïcator'..pi: aes are 
? pgallel, the,movements '0f :the- :lower ,:efias:' of 
55::29a :ëpetiqely will:::deseï, ibe par-lle: 
: thëfeforG by- theqaws .:0f- geometvy ;the'-::-i0 , of 
' 'the lëçhs 0f- .these  paràllel -lines ::desrïbed  by 
..the: moVëments :of.:the: .gauge 
:.. oeilI- :bea:the :.amê: ëlatio-. to each.:ëthe>s-the 
60: d ist:cé: frvm: th f.ulcr,t6:thë. xoEs.oïonepm 
 -'bers to the:d:stnce from:thë.fulc-rum t thëms 
--0f thë:thercpin. .  
,; it-iscto be .udersoodthaif.',it«,be:dsr, fo 
 :masure' ,îsça:ces: fom : zFo:-, o . 
- ota-ted. o  .m0ve -the '.djustin:: screw "Upwdly 
::and prmit,  fater an:-of meVemén6' 6f.he 
. :lëver;  fOm:. its. loermOsPOr 
its peBmost .pOSition. 
Y0 Operation of fhe device.is .as f01]ows: " 
:urn: firsf:-to- :.: 5 and 
-: :e :' dsied ,fo measure :%he -:diamer 'of- 
:- :-reëesï]  WhicE, may: be a' reces -in,- say an article 
-, .af :po:tion-of,.hich i :ndiefed, a.78 :'thè, tte r 
Y5  placed over the 
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@ of the article in vertical alignment with the 
conoidal upper end or nose 34 of the gauge pin 
23. The article is then pressed down, with the 
nose 34 in the recess 7§, until the end face 77 of 
the article 76 abuts the rostrum face 33. When 
this is done the lever I@ will have described a 
movement as indicated in Fig. 6 from ifs upper- 
most permissible position (permitted in this 
instance by the screw 47) as indicated ai 74 
downwardly to the position of the lever shown 
in Iull lines ai 76. The lower broken line ]3 
again represents the position to which the lever 
16 would have moved downwardly to cause the 
dial to register zero. The line 76 therefore rep- 
resents the position short of zero of the lever 
to which it is moved by the article 76 to be meas- 
ured, as in Fig. 5, against the upward urge of 
spring 39. 
At the saine rime, the lower end of the gauge 
pin 2@ would have stupped short of zero a dis- 
tance indicated by the double arrowed line 61, 
and the lower end of the indicator pin point 
would have stopped short a distance indicated by 
the double arrowed line @2, against the downward 
urge of plunger @@. 
Thus it will be. understood that it is not tlie 
downward movement of the lever 16 which is 
measured (except indirectly by the dial instru- 
ment @l, but rather if is the position of the lever 
Upwardly from its zero position which is directly 
measured, or, in other words, the distance which 
the nose of the gauge pin would fise if the lever 
15 were moved first fo the lowermost or zero 
position, then the article 76 placed over the bore 
36 for the gauge pin with the recess 76 in register 
with the bore, and then the gauge pin allowed to 
rise under the influence of the spring 39 until 
stopped by the wall of the recess 7@. If the 
article ]6 moves the lever i@ downwardly from 
the possible upper limit of movement of the lever 
(as for example ai 4 Fig. 6) fo a position as 
shown af 7@, this position would be incidental to 
movement of the lever 16 from the zero position 
as at 73 to the position as at 76. This would be 
represented by the fise of the nose 4 if if had a 
sharp apex, Irom a position flush with the ros- 
trum surface 33 fo a position coincident with the 
 apex of the conical space of the recess 76. Since 
the nose 34 bas a truncated apex but the trun- 
cation is exactly compensated for, the result is 
the same. 
The distance (@l) of fise from the zero posi- 
tion of the nose 34 is equivalent to the altitude of 
the triangle defined by a cross-section of the re- 
cess 7@ (Fig. 5). The base of this triangle is the 
diameter @a of the recess 76 ai the end surface 
7 of the article 76 which is coincident with the 
rostrum surface 3. This diameter 62a is equiv- 
alent to the distance @2 for the following reasons: 
By the laws oI trigonometry 62a is equal to 1.154@ 
times the distance @l, i. e., 2×tan. 30 ° (.54) 
times the distance 61. The gauge device is con- 
structed, as already explained, so that the dis- 
tance 62 is 1.1548 rimes the distance 6 i. There- 
fore, the distance @2a is equivalent fo the distance 
62, both being 1.1548 times the distance @l, i. e. 
the distance of relative movement of the gauge 
pin .upwardly from zero. Since the dial reg- 
isters the distance 62 it also registers at the saine 
rime the diameter @2a. Thus if the distance 61, 
or in other words the depth of the recess 7@ should 
be .100 inch, then the distance @2a or the diam- 
eter of the recess af the face of the article would 
be .1154@ inch, and the dial would directly indi- 
.¢te this measurement. 

8 
If howevè s Shown in dotted lines in Fig. 
and as shown in Fig. » the 60 ° conical recess in 
the article 76 should be deeper, as at 63, it woùld 
also be wider at the face of the cylinder. Conse- 
5 quently the nose 34 would go higher into the re- 
cess as at 64 and the gauge pin would move rel- 
ativety upwardly from the zero position the dis- 
tance as at @6, Figs. 5 and . This would cause 
the indicator pin to more relatively upward from 
10 the zero position a distance 66 equivalent fo a 
diameter as indicated ai @@a as shown in dotted 
lines in Fig. 5. If the distance 6@ were, say, .150 
inch then the distance 66 and 66a would be .13 
inch, and the dial would so read. 
15 As indicated in Fig. 8, the gauge device as here 
shown may be employed to measure the diameter 
as at 87 of a flared counterbore 68 (having a 60 ° 
taper or less) in a straight tube @9, provided the 
distance 67 is less than the over-all diameter of 
20 the gauge pin 26 so that the tube will abut the 
conical face of the nose 34 and provided Iurther 
that the over-all diameter of the tube 69 be 
greater than the over-all diameter of the gauge 
pin so that the tube will abut the rostrum sur- 
25 face 33. Here the diameter 67 represents the 
base of a triangle the altitude of which is repre- 
sented by the distance 67a, the ratio of which is 
as the ratio of 1.1548:1, and if the gauge pin 
moves relativety from zero a distance of .100 inch 
3O into the tube 69 (i. e. the altitude 67a), then the 
diameter at @7 is .11548 inch. 
As indicated in Fig. 9, the gauge device as here 
shown also maybe used fo measure the diameter 
of a straight bore 9@ in a tube Si provided the 
35 bore 9@ be less than the over-all diameter of the 
gauge pin and the over-all diameter of the tube 
9i be greater than the over-all diameter of the 
gauge pin. Here the diameter of the bore 9@ rep- 
resents the base 92 of a triangle the altitude of 
40 which is represented by the distance , the ratio 
of which again is as the ratio of 1.1548:1, and if 
the gauge pin 26 moves a distance of .100 inch 
into the tube 91, then the diameter of the bore 
is .11548 inch, or the distance 92. 
If wili be apparent that if instead oI 91 being 
45 a tube it were a rectangular member having a 
square opening instead of a cylindrical bore 96, 
the gauge device would also in the saine way de- 
termine the cross-sectional dimension of the 
square opening. 
50 If it were desired to work with conical recesses 
formed on angles other than 60% the gauge 
vice could be modified by changing the ratio of 
the lengths of lever arms 22 and 23 of the lever 
__ and by changing the upper end of the gauge pin 
oo to correspond with the angle to be worked with. 
As shown in Fig. 10, assuming an article 94 hav- 
ing a conical recess 9@ on an 82 ° included angle 
is desired to be measured. Here the nose 96 of 
the gauge pin 97 would be similarly an 82 ° conoid. 
6o The lever 9@ (Fig. 11) would bave its gauge pin 
on an axis 99 and its indicator pin on an axis f@@. 
Here the ratio of the distance from the fulcrum 
@i fo the axis 99 with reference to the distance 
from the fulcrum Ii to the axis I would be as 
65 the ratio of 1:1.7386, the latter being 2 X tan. 
41 ° (.8693), and 41 ° being one-half of the in- 
cluded angle 82 °. The distance 1@2 would be fo 
the distance 13 Lu the saine ratio. Consequent- 
70 ly, if the nose 96 moved relatively upwardly from 
the zero position the distance 1{}2 or say .100 inch, 
then the dial instrument @i would register .14 
inch for the distance i3a, or the diameter of 
the recess 9@ at the face i@4 of the article 94. 
75 Again iI it were desired to work with recesses 
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having:a ta-per, of 48, for, example; as.shovn .in 
Fig.: 1-2» the gauge pin. ! 05»vould bave 
formed" as a- 48 °. conoid, Here the. lever, arms 
would be reversed in the sense.that the gauge -pin- 
armould çbe longer than the indicator-pinarm, 
since-the-baae o$ an-isosceles, tliangle- having..an - 
angle-of, 48- af ifs .apex. is shorter= than .the 
titude: Theratio. howeveç, of the.-base fo the. 
altitude is  still twice., the, tangent, oL one-halfï 
the -included. angle, Consequentl; for.. ang]ès-oï . ] 0 
48 ° the ratio of-the distance, from.the-fulcrum 
to-the gauge.pin axis 4 08with.reference-to the.. 
distance, -from, the .ïulcrum -! 0] ..to. the indicator-. 
pinaxis" ! 09 would be- as the=ratio.of 1 .'.2.-.× tan- 
gent:24 ° (.4452) or-.8904: Thus.ithegauge, pin 15 
were fo more a relative.distance f-150incli-asat 
 0: (Figs: 12 :and 13), the,indicator..pin woull 
move-a:relative :distance. as et ! ! ! .. (Fig...13) and 
the: dial inst.rument would.register .133 in:h,  
whi'ch :wou] be the diameter ! !  a« 20 
If .wi11-bemnd.erstood that tubes..having a-flared 
counterbore "on ' an .82 ° taper,or..less-, could.have 
the:diameter of the countez-boreat the end ,of. 
the.tube-measmed.by trre..presen.todevicemodfiêd  
as.shoWn::in ig: 10, and-that/tubes,having.,a. 25- 
flared counteï-bore on-a .48e taper-, orAess :coutd. 
have--the.- diameter oï... the« couner-bore. 
end. of. the:eetube-measured by. the .present device 
modified as-shown , in/Fige 12«.. These modifida- 
tions..-_ou!d .ïunction simila'ly fo the.function, of 3O 
the device as here specifically shown arrangedff0r 
60 °: or ]ess angles .as in Figs-.1 .fo.-8 inclusive. 
Fmthermore, ïor measuring-, tubes .havng a, 
st»s«igh bore as-in Fig.-9» themodifications shown 
in Figs.-10to !3 :cm,ad be used .just.-.aswellas -the 
device.-as :shown-il Figs:-! :.fo 9- inclusive« pro 
vided-onlythat the inner diamete of .thebore 
be-less-than the over-ail, diameter o£the gauge pin 
and that -the-outer diameter of the-tube.be .greater 
than he vera]! diameter of..the gauge:pin.. 0 
çt- wil]: be  understood.: that-.adaptations- of the 
device to.ot-her angles than thosehere-sPecifically. 
i]lustratd :may - be - readty  made-.follovdng ..the - 
characteristic ïeatùresof. the prescrit :rivent:en, as 
here :exemplified.. ,15 
Forexample» theprincipleoï..uti]izinga trig.- 
onometric .function .of..an ang]e of the..triangle. 
in predetermining thearrangement oï...means .for- 
translating:.the, al:st:an:e, of movement, oï. a. gauge . 
pin-atong one element: of. the-triangle other-.. 50 
than.the-bse oï,-the'triangle; as. here !tlustrated,. 
ma2:be, employed by-having:the- gauge .pin more 
alon an- e]ement oï- the- t,iangle other than. the. 
a!titude,.: as"here  specifically  described, 
stead, alongoneoï the sides other than the base 55 
and-which side would be.the hypotenuse oï a 
right-ang!e triangle of wh:ch the base would be 
one-hal£ oï the diameter fo. be measured and 
the ratio oï the dimeter to be measured to th 
lypotenuSe - woutdbè as: the :.rati0-.of 
sine oï one-halï the included angle:af he apex 
to 1. 
The invention is hot intended to be limited fo 
detai]s of construction shown  for purposes-of 
exemp]ifigon: Furthermore;'it: is not essentiel 
th.tall.features ofthe devic.be  used conjointly 
as. variou- combinatons - or sub-combirtions 
rnay. et tirn-cs be 'advantageously: empl0yd: 
Such changes may be madeas fall within*he 
scopeof the appeudd claires- without depar 
ing._ from- the invention: 
Tlie invention having- been-described; what is 
here claimed is: 
1. A gauge device embodying a base, a. lever 
csrried :by. the base compr.ising: a platen-, a fixed 75- 
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fulcrum,for said lever, said lever comprising in- 
tegrallY«therewith  as sides offsaiOplïeh--agatge- 
pin arm-and/-an indicator pin arm,-sait.:arms 
beingonthe.samesilê of Said:fuldrum..rigid..wi 
said lever, and having.a commïm-piotpoiïitc0in- 
cidênt i.witH said fiitcrUm; .a.-gaug p_.and  an 
indicator.pin arrangêd slidbl: in .thè..bse in 
parallel'and ï5r reciprocatïO.ï..along,.:thëi axes- 
respectivelY, saidpins eah:havin:gan inner en- 
gagement with file. gauge pin arm and. indicatör 
pin arm respeCtivelF by anti-fictien contact:, on . 
each arm:wherëbF thè pins maintin.their Par- 
allelism whfle in reiprocati0n in. engagement. 
with. the ar.ms, sn outer conoidal-terminaion, on. 
the gauge pin a.rm, fer insertion irt0,, a recess*to 
be measuréd,  .a dïal plu:ugërilin, sprL, ïg.pressed:: 
engagemCt Wit th'e.indiat0.pin«outèr.am»:.a 
dial Hand.- associatèd .,with said. plunger-for. 
dicating thê distance of."tavei.i of .said .plner, 
and a .spring u2ging: the-,leV-ér_in  ï, dfrectïomto..: 
reciprocatëthe pins in the base in a.directi0iï,0p.. 
posing _thepluïigiï 
2. A gauge device embodying a pivotabie.le;er. 
having a fUI:tutu, a test surface fixed, in posi- 
tion witla rèference fo .said fu.lcrum, ,a-gauge pin 
reciprocable thï'0ugh.said-sur.fàce and-havig:::a' 
conoidal :. terminati0n,, an indiat0r-, pïn- bein, 
reciprocable in parallélim with thë :gauge 
contact with .said _lever, sa-id./pins--being.recipro- 
:able on/axes respectively, sPaced .fï0m,said:ïlil= - 
crum et distances relaèd.in lêngthïzï the: raff6. 
of-1 to twice the trigonomètrie tangént0f, bne=.,  
hall 'the included angle atthë-conoidal-)têmià-  
tion?meansurging the gaugèpiïl P0irït in one:di-_ 
.rection thtrough said su2fce,- and- an instgiï-. 
ment plunger-urging=theindicator-piï in- thè - 
opposite  direction: 
3. In a' gauge device for mèasuriiïg: thë=dili: 
eters of recesses, means" comprisilïg:a C0flidl? 
gauge pi n enterableinto the recesS rit h: it ïiïO î 
dal Wall i n engagement With: thëwall0f thë:ëC; 
a gauge instrument, and mCngf¤ï tgnslatgï 
the distance of entrance off thegauge pîrïïrîtO" 
the recess into measurement-on-thè inttïmer/.0f 
the diameter of the recess/said' lait mentinéd" 
means employing the principle of the trig0îïo » 
metric relationship of said diameter fo said 
tance--and: inclUding: a pair-oï: interConneCfèd 
lêVers; the lève9s being related:in  length 
tively;in thë-ratio of 1 totwice the"tan'geiït:0f  
onehalf %he included angle at the apex: 
4. In.-a gauge device of :the class dèscgibed:Oï 
meaSuring-the diameters- of'recesses,: thë 
biner:on Csmprising, a gaugé pin having:ac0n0i . 
dl:têrmination;- agaùgê instrument; 
means for-trCsIating the.dïstnee 
of the con'oidàI"termination of%hé.gUë-pin irï6/ 
the-recëss-int0 meaSurementon.the instrument 
of thèdimeér of thê recess, säid le,er means ili- 
clU-ding a pair:of rigidlY connected lever avfns 
having si comm0n: pivot and bëing of dïffèënt-: 
lengths and extènding;in a. common pldne ffom-- 
théir common pivot, one oï- said lèver bCg ar- 
rangedt0 ,be moved a predetermined distance 
response t6 agiven.distance of ,movement of-the. 
gauge pin into-the recess limited by..the vall:f 
the_ recess and the other lever beingarranged-:to. 
move a predetermined distance-upon mevement:: 
oï the first mentioned lever to actuate the insgr ' 
ment,.the levers being relàtedin length .in"the 
ratio of 1 fo twice the trigonometric tangent of 
an.angle of a right-angle triangle one .side. of- 
which.is, equal .fo the distance of movement 
the.gauge .pin-and another.side:of, wh:eh is equal 
to one.7half::the.diïmeter of the.-recess.-- 
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5. In a gauge device of the class described for 
measuring the diameters of recesses, the com: 
bination comprising, a gauge pin having a conoi- 
dal termination, a gauge instrument  and:lever 
means for translating the distance of entrance 
of the conoidal termination of the gauge pin into 
the recess into measurement on the instrument 
of the diameter of the recess, said lever means in- 
cluding a pair of rigidly connected leFer arms 
having a-common pivot and being of different 
lengths and extending in a common plane in the 
saine direction from their common pivot, one of 
said levers being arranged t o be moved apredeter- 
mined distance in response to a given distance of 
movement of the gauge pin into the recess lim- 
tted by the wall of the recess and the other lever 
being arranged to move a predetermined distance 
upon movement of the first mentioned lever to 
actuate the instrument, the levers being related 
in length in the ratio of 1 to twice the tangent 
of an angle of a right-angle triangle.one side of 
which is equal to the distance of movement of 
the gauge pin and another side of which is equal 
to one-half the diameter of the recess. 
6. In a gauge device of the .class described for 
measuring the diameters of r.ecesses, the com- 
bination, comprising, a gauge pin having a co- 
noidal termination, a gauge instrument, and lever 
means for translating the distance of entrance of 
the conoidal ,termination of the gauge pin into the 
recess into measurement on the instrument of the 
diameter of the recess, said lever means including 
a pair of interconnected levers of different 
lèngths, one of said levers being arrknged tobe 
moved a predeterminid distance in response to a 
given distance of movement of the gauge pin into 
the recess limited by the wall Of .the recess and 
the other lever being arranged to move a pre- 
determined distance upon movement of the first 
mentioned lever to actuate the instrument, the 
levers being related in length in the ratio of 1 
fo twice the tangent of an angle of a right-angle 
triangle one side of which is equaI to the distance 
of movement of the gauge pin and another side 
of which is equal to one-half the diameter of the 
recess. 
q. In a gauge device of the class described for 
measuring the diameters of recesses, the com- 
bination, comprising, a gauge pin haing .a co- 
noidal termination, a gauge instrument, and lever 
means for translating the distance of entrance 
of the conoidal termination of the gauge pin into 
the recess into measurement on the instrument 
of the diameter of the recess, said lever means 
including a pair of interconnected levers of dif- 
ferent lengths extending on the same side of a 
common fulcrum, one of said levers being ar- 
ranged to be moved a predetermined distance in 
response to a given distance of movement of the 
gauge pin into the recess limited by the wall of 
the recess and the other lever being arranged fo 
more a predetermined distance upon movement 
of the first mentioned lever fo actuate the instru- 
ment, the levers being related in length in the 
ratio of 1 fo twice the trigonometric tangent of an 
angle of a right:angle triangle one side of which 
is equal to the distance of movement of the gauge 
pin and another side of which is equal to one-half 
the diameter of the recess. 
8. A gauge device embodying a lever, a fulcrum 
for said lever, said lever comprising a gauge pin 
arm and an indicator pin arm, said arms being 
rigid with said lever and of different lengths, the 
length of the indicator pin arm being to the 
length of the gauge pin arm as twice the tangent 
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of a given angle to 1, a gauge pin and an indlcator 
pin arranged in parallel and for reciprocation 
along their axes respectively, said pins each hav- 
ing an inner engagement with the gauge pin arm 
5 and indicator pin arm respectively by a slidlng 
contact on each arm whereby the pins maintain 
their parallelism while in reciprocation in engage- 
ment with the arms, an outer conoidal termina- 
tion on the gauge pin for insertion into a recess 
10 to be measured, a dial plunger in spring pressed 
engagement with the indicator pin outer end, a 
dial hand associated with said plunger for indi- 
cating the distance of travel of said plunger, 
sflient means urging the lever in a direction 
15 opposing the plunger spring, and means for set- 
ring the lever and pins af zero position. 
9. A gauge device embodying a base, a lever 
pivotod on the base and comprising a platen, 
said lever including integrally therewith as sides 
20 of said platen a gauge pin arm and an indicator 
pin arm, said arms being of different lengths on 
the saine side of said fulcrum rigid with said lever 
and having a common pivot point, a gauge pin 
and an indicator pin carried by the base respon- 
25 sire fo movements of said arms respeitively, and 
a dial instrument responsive fo movement of the 
indicator pin, wherein the platen is perforated 
and the base carries a spring post passing through 
said pbrforations, and a spring presses atone end 
"0 against the post and at ifs other end against the 
platen. 
10. A gauge device embodying a lever, a fulcrum 
for said lever, said lever comirislng a gauge pin 
arm and an indicator pin arm, said arms being 
35 rigid with said lever and of different lengths, 
the length of the indicator pin arm being fo the 
length of the gauge pin arm as twice the tangent 
of a given angle fo 1, a gauge pin and an indica- 
tor pin arranged in parallel and for rectprocation 
4O along their axes respectively, said pins each hav- 
ing an inner engagement with the gauge pin arm 
and indicator pin arm respectively by a sliding 
contact on each arm whereby the pins maintain 
their parallelism while in reciprocation in engage- 
45 ment with the arms, an outer conoidal termina- 
tion on the gauge pin for insertion into a recess 
tobe measured, a dial plunger in spring pressed 
engagement with the indicator pin outer end, a 
dial hand associated with said plunger for indi- 
5O cating the distance of travel of said plunger, 
resflient means urging the lever in a direction 
opposing the plunger spring, and an adjustable 
stop member for limiting movement of the lever 
in the direction if is urged by said resflient means. 
55 HUGO A. Y. 
SEY1VIOUR H. WRIGHT. 
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